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(54) Solder flux having low melting point 

(57) The invention is directed toward a solder flux 
and a method of making a solder flux material. The flux 
includes the cesium fluoroaluminate reaction product of 
from about 30 to about 75 mole percent of CsF and from 
about 70 to about 25 mole percent of AIF 3 , wherein the 
flux has a melting point below about 440°C; and, up to 
about 3 weight percent of unreacted CsF. 
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10 BACKGROUND OF THE INVENTION 

» STlSS? 9 P ° int 98 33 P08Sib ' e ' ^ y6t WWCh Wi " adequate * the subject meSr 

U30 jn ,o„ ter^e^^e 3oWen^ operaUons Hence. ^i^^TSinSS^tSnS^ 
closes fhat Hie material should be devoid of or frea from unreactWcsF w^to^F?f^e^CftF^iwnr^p patentsdis- 

SUMMARY OF INVENTION 

It is therefore, an object of the invention to provide a solder material 
J^T^^T"*™ 10 Pr0Vkje 3 ^ M 35 ^ ^' * ^ -ta, surfaces together. 

!! II ;„*2E!!I ° bi f C L 0f the :i!' enti0n t0 provide a solder material tevin fl a low melting point. 
It is an additional object of the invention to provide a solder paste material 

It is still another object of the invention to provide a solder flux material 

It is yet another object of the invention to provide a dispensable solder materia) 
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It is again another object of the invention to provide a solder material which will not leave a corrosive residue upon 
the joined metal surfaces after the soldering operation is completed. 

It is also an object of the present invention to provide methods of preparing such solder materials. 

In general a solder flux according to the invention and useful for soldering aluminum and aluminum alloy surfaces 
5 comprises the cesium fluoroaluminate reaction product of from about 30 to about 75 mole percent of CsF and from 
about 70 to about 25 mole percent of AIF 3 , wherein the flux has a melting point below about 440°C. The flux also com- 
prises up to about 3 weight percent of unreacted CsF. 

There is also provided according to the invention a method of preparing a solder flux used to solder aluminum or 
aluminum alloy surfaces comprising the steps of dissolving from about 30 to about 75 mole percent of CsF in water to 
10 form a first solution; adding to the first solution from about 70 to about 25 mole percent of AIF 3 ; allowing the CsF and 
the A(F 3 to react forming a reaction product; and drying the reaction product; such that said reaction product has a melt- 
ing point below about 440°C and includes a cesium fluoroaluminate complex and up to about 3 percent by weight of 
unreacted CsF. 

15 PREFERRED EMBODIMENT FOR CARRYING OUT THE INVENTION 

There is provided according to the present invention, a material useful for use as a solder flux for joining metal sur- 
faces especially aluminum and/or aluminum alloys. The material includes a cesium fluoroaluminate complex formed by 
reacting CsF and AIF 3 , as will be discussed more fully hereinbelow. The reaction product has a melting point below 
20 about 440°C, and may contain up to about 3 weight percent of unreacted CsF Although the inventive material is partic- 
ularly suited for use in a low temperature soldering operation, it can also be used for high temperature solder or even 
brazing operations. The solder materials of the invention can be by themselves or mixed or used with other solder 
and/or brazing materials. 

The material should be dispensable by using a conventional pneumatic dispensing system. To be dispensable, the 
25 material should have a viscosity of from about 20,000 to 1 ,000,000 cps. Of course, viscosities outside that range are 
within the scope of the invention, and will vary depending upon the dispensing equipment and other similar variables. 

To form the reaction product, it is preferred to dissolve from about 30 to about 75 mole percent of CsF in just enough 
or a slight excess of water, to form a first solution. From about 70 to about 25 mote percent of AIF 3 is then added to the 
first solution, thereby forming a second solution, and the components are allowed to react forming the cesium fluoroa- 
30 luminate complex of the present invention. The reaction product is then dried. For example, the reaction product can be 
an oven or furnace, drum or vacuum dried or the like, preferably at about 200°C. The resulting dry product can then be 
powdered in a conventional manner for powdering solids, and then used as a solder flux. 

The actual particle size of the powdered product will vary depending upon the end-use application. An example of 
a useful size would be to powder the product such as in a hammer mill or the like, to about -20 to about -120 mesh or 
35 finer. .Even finer particles may be necessary if, for example, the product is to be dispensed from a needle valve, while 
coarser sizes can be used for more gross applications. 

It is more preferred to employ from about 45 to about 65 mole percent of CsF to from about 55 to about 35 mole 
percent of AIF 3 . In each of the preferred embodiments, the CsF component is dissolved in water as was discussed 
above. Analysis of the flux prepared as above and having 55 mole percent CsF and 45 mole percent AIF 3 showed a 
40 melting point of 436°C. 

The powdered flux as described above can also be mixed with a suitable binder material to form a dispensable flux. 
Useful binders include any that will hold the material in a homogenous suspension and allow it to be applied with a pres- 
surized system. Examples of useful binders include, but are not necessarily limited to, polyisobutylene dissolved in 
petroleum solvents, paraffin wax-based systems with mineral oil and/or other petroleum solvents, systems with water, 

45 glycol and wetting agents, and the like. Potassium silicate in water is also useful. 

A solder paste material can also be prepared from the powdered flux as described hereinabove. The paste is 
formed by mixing the powdered flux with a neutral binder, such as those discussed hereinabove, and afiller metal mate- 
rial. The filler metal is preferably any of those commercially available and commonly used in aluminum solder applica- 
tions and in the form normally so employed, including zinc, copper, aluminum, nickel, silver, silicon, tin, alloys and 

so mixtures thereof and the like. A preferred solder paste includes from about 1 0 to about 900 parts by weight of a neutral 
binder material and from about 0 to about 1 100 parts by weight of the filler metal, each based upon 100 parts by weight 
of the flux. A more preferred paste includes about 100 parts by weight of the powdered flux material, about 100 parts 
by weight of the binder and about 500 parts by weight of the filler metal material. It is even more preferred to employ 
about 467 parts by weight of the filler metal. 

55 The filler metal material can be elemental metals, alloys, mixtures thereof and the like. One preferred filler metal 
material is elemental zinc. Another is a zinc/aluminum alloy having from about 95 to about to about 98 percent by weight 
of zinc and from about 5 to about 2 percent by weight of aluminum. Although an aqueous solution of the filler metal 
material and the solder flux can be prepared, it is preferred that the mixture be non-aqueous to limit the potential of 
reaction between the flux and the filler metal. 
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Zinc is known to have a melting point of about 41 5°C. The melting point of solder pastes according to the invention 
and using zinc or zinc alloy filler metal materials have melting points above 415°C but below about 440°C. It is com- 
monly expected that a solder flux will not have a melting point above that of its filler metal. 

When employing the solder flux, dispensable solder flux and solder paste of the present invention to solder metal 
5 surfaces including aluminum, it has been found that there is no corrosive residue left behind. Therefore, use of the 
present invention to join metal surfaces will not be detrimental to those surfaces as has been known with previous sol- 
der materials. 

Analysis of the solder materials according to the invention has also shown that there is present as much as up to 
about 3 weight percent of unreacted CsF present in these materials, without there being any detrimental effect upon the 
10 non-corrosive, low temperature soldering capabilities of the inventive material. With previous cesium and fluorine con- 
taining solder materials, it was critical to ensure that there was no or substantially no unreacted CsF in the solder mate- 
rial. This is not so with the present invention. 

GENERAL EXPERIMENTAL 

75 

In order to demonstrate the practice of the present invention, a number of solder materials were prepared as will 
now be discussed. The flux and paste materials according to the invention were prepared and evaluated according to 
the following tables. Table I shows the fluxes made according to the invention, while Table II shows the binder systems 
used for evaluating solder performance. 



TABLE I 



Flux No. 


CsF/A/F 3 Ratio (Mole 
%) 


Melting (°C) 


1 


25/75 


441 


2 


33/67 


439 


3 


45/55 


436 


4 


50/50 


437 


5 


52.5/47.5 


437 


6 


55/45 


436 


7 


57.5/42.5 


434 


8 


60/40 


427 


9 


67/33 


438 



40 



TABLE II 



ingredient 


Binder No. 8 




1 


2 


3 


Polyisobutylene 


7% 






Mineral Spirits 


40% 


75% 




Aliphatic hydrocarbon solvent 


53% 






Paraffin Wax 




15% 




Mineral Oil 




5% 




Butyl Rubber 




5% 




Potassium Silicate 






30% 


Water 






70% 



a all are percent by weight 
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Table IN shows the products evaluated for solder results. Soldering results were determined by soldering aluminum 
alloy 3003 tubes (5/8 inch diameter) to 6063 aluminum 22 millimeter threaded male fittings and visually evaluating the 
solder joint. 

5 



TABLE III 





Product No. 


Flux, Wt % 


Binder, Wt % 


Solder; Powder, Wt. % 


Solder Results 


10 


1 (flux) 


1,60 


1,40 


* 


Unsatisfactory 




2 (paste) 


6,15 


1,15 


98:2;Zn:AI,70 


Satisfactory 




3 (paste) 


7.15 


3,15 


98:2;Zn:AI,70 


Satisfactory 




4 (paste) 


4,25 


2,25 


98:2;Zn:AI,50 


Satisfactory 


15 


5 (paste) 


3,20 


1,20 


98:2;Zn:AI,60 


Satisfactory 




6 (paste) 


5,17.5 


2,17.5 


98:2;Zn:AI,65 


Satisfactory 




7 (paste) 


7,35 


2,25 


98:2;Zn:AI,40 


Satisfactory 


20 


8 (flux) 


8,50 


8,50 


* 


Satisfactory 




9 (flux) 


9,60 


2,40 


* 


Marginal 




10 (flux) 


2,60 


1,40 


* 


Marginal 




* Solder metal in wire form at 98:2, zinc:aluminum, was used for these tests 



It will be appreciated that combinations such as Flux Nos. 1 and 6, would also be within the scope of the invention. 
It is understood that the present invention is not limited to the specific surfaces to be joined by soldering, the spe- 
30 cific reaction components or reaction products or process conditions as set forth in this specification. Similarly, the 
examples have been provided merely to demonstrate the practice of the subject invention and do not constitute limita- 
tions of the invention. Those skilled in the art may select other components and process conditions, according to the 
disclosure made hereinabove. 

Thus, it is believed that any of the variables disclosed herein can readily be determined and controlled without 
35 departing from the scope of the invention herein disclosed and described. Moreover, the scope of the invention shall 
include all modifications and variations that fall within the scope of the attached claims. 

Claims 

40 1 . A solder flux for soldering aluminum and aluminum alloy surfaces comprising: 

the cesium fluoroaluminate reaction product of from about 30 to about 70 mole percent of CsF and from about 
70 to about 25 mole percent of AIF 3 , wherein the flux has a melting point below about 440°C: and up to about 
3 weight percent of unreacted CsF. 

45 

2. A solder flux as claimed in claim 1 , comprising from about 45 to about 65 mole percent of said CsF and from about 
55 to about 35 mole percent of said AIF 3 . 

3. A solder flux as claimed in claim 1 , comprising from about 50 to about 60 mole percent of said CsF and from about 
so 50 to about 40 mole percent of said Al F 3 . 

4. A solder paste comprising from about 10 to about 900 parts by weight of a neutral binder material and from about 
0 to about 1 1 00 parts by weight of a filler metal, each based upon 1 00 parts by weight of the solder flux of claim 1 . 

55 5. A solder paste as claimed in claim 4, wherein said filler metal is selected from the group consisting of zinc, copper, 
aluminum, nickel, silver, silicon, tin and mixtures and alloys thereof. 

6. A solder paste as claimed in claim 5, wherein said filler material is a zinc and aluminum alloy having from about 94 
to about 99 weight percent of zinc and from about 6 to about 1 weight percent of aluminum. 
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7. A dispensable flux comprising 1 00 parts by weight of the solder flux of claim 1 and from about 1 0 to about 900 parts 
by weight of a neutral binder material. 

8. A method of preparing a solder flux used to solder aluminum or aluminum alloy surfaces comprising the steps of 

5 

dissolving from about 30 to about 75 mole percent of CsF in water to form a first solution; adding to said first 
solution from about 70 to about 25 mole percent of AIF 3 ; allowing said CsF and said AIF 3 to react forming a 
reaction product; and drying said reaction product; such that said reaction product has a melting point below 
about 440°C and includes a cesium f luoroaluminate complex and up to about 3 percent by weight of unreacted 
10 CsF. 

9. A method of preparing a dispensable solder flux comprising admixing 100 parts by weight of the solder flux pre- 
pared according to claim 8 with from about 10 to about 900 parts by weight of a neutral binder material. 

15 1 0. A method of preparing a solder paste comprising admixing 1 00 parts by weight of the solder flux prepared accord- 
ing to claim 10 with from about 10 to about 900 parts by weight of a neutral binder material and with from about 0 
to about 1 100 parts by weight of a filler metal selected from the group consisting of zinc, copper, aluminum, nickel, 
silver, silicon, tin and mixtures and alloys thereof. 
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